Seroprevalence rates of selected arboviruses in animal populations in Trinidad were determined using serum samples collected between 2006 and 2009 from horses (n = 506), cattle (n = 163), sheep (n = 198), goats (n = 82), pigs (n = 184), birds (n = 140), rodents (n = 116), and other vertebrates (n = 23). The sera were screened for antibodies to West Nile virus (WNV), St. Louis encephalitis virus (SLEV), Ilheus virus (ILHV), Bussuquara virus (BSQV), Venezuelan equine encephalitis virus (VEEV), eastern equine encephalitis virus (EEEV), and western equine encephalitis virus (WEEV), using hemagglutination inhibition assay (HIA) and epitope-blocking enzyme-linked immunosorbent assays (ELISA). Antibodies to SLEV were detected in a total of 49 (9.7%) horses, 8 (4.9%) cattle, 1 (1.2%) goat, 2 (1.4%) wild birds, and 3 (2.2%) wild rodents by both methods. In contrast, antibodies to EEEV, VEEV, and WNV were detected only in horses, at rates of 4.3%, 0.8%, and 17.2%, respectively, by ELISA, and IgM capture ELISA was WNV-positive in 3 (0.6%) of these sera. Among locally bred unvaccinated horses that had never left Trinidad, seroprevalence rates against WNV were 12.1% and 17.2% by ELISA and HIA, respectively. The presence of WNV-and SLEV-specific antibodies in a representative sample of horse sera that were both ELISA-and HIA-seropositive was confirmed by plaque reduction neutralization testing (PRNT). Antibodies to ILHV and BSQV were not detected in any of the serum samples tested (i.e., sera from horses, other livestock, and wild birds in the case of ILHV, and wild mammals in the case of BSQV). The data indicate the presence of WNV in Trinidad, and continuing low-level circulation of SLEV, EEEV, and VEEV.
Introduction

B
etween 1959 and 1969, the Trinidad Regional Virus Laboratory (TRVL), in collaboration with the Rockefeller Foundation, demonstrated through viral isolation and serology the existence of several arboviruses in human and animal populations in the Caribbean region, including Trinidad. The work done in Trinidad provided valuable information on circulating viruses (Aitken et al. 1956 (Aitken et al. , 1960 (Aitken et al. , 1968a Jonkers et al. 1968a; Price, 1978b) , taxonomic classification of the vectors (Aitken et al. 1968c) , and their associated ecological characteristics Jonkers et al. 1966) . These studies resulted in the identification and characterization of hundreds of arboviral isolates, primarily from the Bush Bush Forest, which is an approximately 0.85-sq km region within the Nariva swamp in southeastern Trinidad (Aitken et al. 1968c; Jonkers et al. 1968a Jonkers et al. , 1968b Worth et al. 1968) . With the exception of the aforementioned studies, there have been only a few serological studies in the 1970s and early 1980s (Price 1978a (Price , 1978b Tikasingh et al. 1983) , and more recently, mosquito surveillance studies and opportunistic sampling of carcasses of Alouatta seniculus monkeys 1 School of Veterinary Medicine, confirmed the continued circulation of VEE subytpe IIIA viruses (Mucambo virus; MUCV), several orthobunyaviruses, and Yellow fever virus (YFV) (Auguste et al. 2009 (Auguste et al. , 2010a (Auguste et al. , 2010b .
Despite the extensive surveillance performed in Trinidad, the role of rodents, other mammals, and birds in the maintenance and spread of these viruses locally is unclear. It is also not clear to what extent the livestock and wildlife populations in Trinidad are affected or potentially contribute to amplification, as routine surveillance and virological assays on sick livestock are rarely performed and reported.
Given the significant changes in human demographics since the comprehensive studies in the 1950s and 1960s, we performed a serological survey for flaviviruses and alphaviruses of veterinary public health importance in the Americas. Sera from livestock (horses, cattle, sheep, goats, and pigs), birds, rodents, and other wildlife in Trinidad were collected over a 2-year period, and subsequently screened for antibodies to West Nile (WNV), St. Louis encephalitis (SLEV), Ilheus (ILHV), Bussuquara (BSQV), Venezuelan equine encephalitis (VEEV), eastern equine encephalitis (EEEV), and western equine encephalitis viruses (WEEV), using the hemagglutination inhibition assay (HIA), a traditional diagnostic method for detecting arboviral antibodies (Clarke and Casals, 1958) , and a more recently developed epitope-blocking enzyme-linked immunosorbent assay (ELISA) (Blitvich et al. 2003a (Blitvich et al. , 2003c Hall et al. 1995) .
Materials and Methods
Sampling strategies
Horses. Horses were selected from lists of registered horses from the Trinidad and Tobago Racing Authority (TTRA), and the Trinidad and Tobago Equestrian Society (TTES), mainly by stratified random sampling according to gender and age, in categories of age < 1 year, age 1-5 years, age 6-10 years, and age > 10 years. Blood samples were collected from the jugular veins of 506 horses (200 male and 306 female), from stud farms, equestrian facilities, and racetracks, at 25 locations within 20 geographic areas (Fig. 1a) . Demographic data for the horses and stables were also noted. Of the 506 horses, 5.3% (n = 27) were < 1 year old, 40.7% (n = 206) were 1-5 years of age, 31.0% (n = 157) were 6-10 years of age, 15.3% (n = 77) were older than 10 years, and the ages could not be determined for 7.7% (n = 39). Also, 121 (23.9%) were imported (foreign-bred), 341 (67.4%) were locally-bred, and the origin of 44 (8.7%) was uncertain. Finally, 36 (7.1%) horses were from rural towns, while 470 (92.9%) originated from urban areas (i.e., regions with ‡ 200 persons per square kilometer; Central Statistical Office, 1998). Livestock. A list of farms was prepared using information from the Ministry of Agriculture, Land and Marine Resources (MALMR) and Animal Health Assistants (AHAs) that usually assist government veterinarians. Small ruminant and pig farms were grouped by size as follows: for small ruminants, £ 15 animals = small, 16-49 animals = medium, and ‡ 50 animals = large; for pigs, £ 25 animals = small, 26-50 animals = medium, and ‡ 50 animals = large. For cattle, small farms were those with fewer than 20 animals, medium farms had 21-39 animals, and large farms were those with 40 or more animals. A systematic random sampling protocol was then used to select the farms. Within each of the cattle and small ruminant farms selected, stratified random sampling according to age, gender, and species (in the case of small ruminant farms) was used. Where farmers from selected farms declined to participate in the study, the next scheduled farm was substituted and a restart of the sequence was done. Medium and large pig farms were sampled randomly; however, small pig farms were sampled conveniently, as the majority on the compiled list were inactive. Figure 2a illustrates the locations of the livestock sampling sites. Blood samples were collected from the jugular veins of small ruminants and cattle, and of the jugular vein or anterior vena cava of pigs.
Wildlife. Wild animals were sampled from the Emperor Valley Zoo in Trinidad, from wildlife farms, or by trapping in forested areas. Supplementary Table S1 (see online supplementary material at http://www.liebertpub.com) shows the species and numbers of animals sampled. Systematic random sampling was used for the selection of wildlife farms where animals were then sampled according to gender and growth stage (i.e., juvenile or adult). Free-living rats (Rattus spp.) were also specifically targeted and trapped using humane metal cage traps at various locations in close proximity to homes, public buildings and markets.
Avian sera were obtained from confiscated birds at the Wildlife Section of the Ministry of Agriculture, Land and Marine Resources, from birds collected in the wild, and from captive birds at the Emperor Valley Zoo. Collection of wild birds was carried out using hand nets and mist nets (35 · 35 mm), after which the birds were bled by cutaneous ulnar or jugular venipuncture and then released. Supplementary Table S1 (see online supplementary material at http://www.liebertpub.com) shows the avian species sampled, including their migrant status in Trinidad.
Two forested areas, the Aripo Savannah Scientific Reserve and the Bush Bush Forest in Nariva, were chosen for wildlife trapping based on the results of previous and ongoing arbovirus surveillance studies (Aitken et al. 1968b (Aitken et al. , 1968c Jonkers et al. 1968a; Auguste et al. 2009 (9 measuring 16 † · 5 † · 5 † and 2 being 32 † · 10 † · 12 †) were set from 4 pm to 6 pm, and removed or re-set between 6 am and 9 am the following morning. Baits used were peanut butter, cheese, ripe bananas, bread, salt fish, smoked herring, coconut, and seasonal fruits, depending on the target species (Aitken et al. 1968b; Barrera et al. 2002) .
Hemagglutination inhibition assay (HIA)
HIA was performed as described in Beaty and associates (Beaty et al. 1989) , using sucrose acetone antigens that had been previously prepared and stored at -70°C. For VEEV, WEEV, and EEEV, the strains used were TC-83 (subtype I-AB), McMillan, and North American NJ/60, respectively. For the flaviviruses, SLEV (T-35573), WNV (T-36296), and ILHV (BeH 7445) were used for testing sera from all species except rodents and other non-avian wildlife. In addition, BSQV strain BeAn 4116 was used for rodents and other non-avian wildlife. Seroprevalence due to specific antibodies was determined by the demonstration of a fourfold or greater difference in antibody titers caused by the various antigens. A positive control serum titrated to its endpoint was included for each antigen.
Epitope-blocking enzyme-linked immunosorbent assay (ELISA)
An identification algorithm of murine monoclonal antibodies (MAbs) for subtyping EEEV (Roehrig et al. 1990 ) was modified and the following MAbs were used: MAb 5B4D-6, specific for detecting VEEV TC-83 vaccine strain, and MAb 1B1C-4 cross-reactive for North American (NJ/60) and South American (BeAn 5122) EEEV (both from Chemicon, Temecula, CA). Flaviviral antibodies included WNV MAb 3.1112G and SLEV MAb 6B5A-2 (both from Chemicon), and a generic Flavivirus MAb 6B6C-1 (InBios International, Inc., Seattle, WA). MAb 6B6C-1 was used to test horse sera only. Flavivirus antigens used were SLEV strain TBH-28 and WNV NY-99-35261 strain. ELISAs to detect flavivirus antibodies were performed as described in Blitvich and colleagues (Blitvich et al. 2003c) . Alphavirus antigens used were TC-83 (subtype 1) and North American (NJ/60) for VEEV and EEEV, respectively. Optimal concentrations of viral antigens were first titrated according to Wang and associates (Wang et al. 2005) . ELISAs to detect alphavirus antibodies were performed according to Wang and associates (Wang et al. 2005 ) with minor modifications.
Seropositivities were calculated using the formula: % inhibition = 100 -{(TS -B)/(CS -B)} · 100, where TS is the optical density of test sera, CS is the optical density of control sera, and B is the background optical density (Hall et al. 1995 ). Each sample was tested in duplicate so an average optical density was first calculated. An inhibition value of 30% or more was considered seropositive (Blitvich et al. 2003a (Blitvich et al. , 2003b . Calculated percentage inhibition values that resulted in values below zero (negative) were recorded as zero. Due to the limited volume of serum collected from the small animals, particularly birds, some sera were tested only once by ELISA.
IgM capture ELISA for West Nile virus
Immunoglobulin M (IgM) West Nile Detect Ô IgM capture ELISA (InBios International, Inc.) was used to detect antibodies to WNV in horse sera as stipulated by the manufacturer and using the test controls provided to determine the immune status ratio (ISR). ISR was calculated for the positive and negative controls by dividing the OD 450nm of the WNRA by OD 450mm of the normal cell antigen. An ISR for test serum £ 2 was considered negative, ‡ 3.0 as positive, and between 2.0 and 3.0 were deemed equivocal. All positive and equivocal samples were repeated.
Plaque reduction neutralization test (PRNT)
The ability of seropositive sera to neutralize WNV (NY-99 strain), SLEV (TBH-28 strain), VEEV (FSL190 strain), and EEEV (Trinidad 1959 strain), was determined by PRNT. WNV and SLEV PRNTs were performed as described by Blitvich and associates (Blitvich et al. 2003c) , with the exception that plaques for SLEV were counted 8 days post-infection. VEEV and EEEV PRNTs were performed as previously described (Beaty et al. 1989 ).
Ethical approval and permits
This study was approved by the Ethics Committee of the Faculty of Medical Sciences at the University of the West Indies, St. Augustine Campus, prior to commencement. Permits were obtained from the Wildlife Section of the Ministry of Agriculture, Land and Marine Resources for capture of animals for the study.
Results
Horses
Seroprevalence rates of EEEV, VEEV, WNV, and SLEV, at each of the sampled locations are shown in Table 1 . Figure 1 shows all of the horse sampling locations and the locations where VEEV-, EEEV-, SLEV-, and WNV-seropositive horses were detected. Based on the combined ELISA and HIA results there were 26 (5.1%) EEEV-seropositive horses, 4 (0.8%) VEEV-seropositive animals, and 7 (1.4%) samples that exhibited cross-reactivity within the Alphavirus genus (i.e., with at least a fourfold difference), such that their identities could not be determined. Of the 26 horses ELISA-seropositive for EEEV, 21 (80.8%) were from stud farms, and 5 (19.2%) were from race tracks, making the seropositive rates at these locations 6.7% (21 out of 315 horses), and 3.3% (5 out of 150), respectively. All 22 HIA-seropositive horses were detected with ELISA including 19 (6.0%) of 315 stud farm horses, and 3 (2.0%) of 150 racetrack horses. All four (1.3%) VEEVseropositive horses originated from stud farms. Of the 26 EEEV-seropositive horses, 16 (61.2%), 5 (19.2%), and 4 (15.4%), were aged 6-10, 1-5, and > 10 years, respectively. Twenty EEEV-seropositive horses were imported and 6 were locally bred. PRNT 80 performed on EEEV-and VEEV-seropositive horses confirmed the presence of VEEV-neutralizing antibodies in 2 of 4 samples tested, and EEEV-neutralizing antibodies in 7 of 26 samples tested (antibody titers > 20). Of the 58 horses that had not been vaccinated against WNV and were locally bred, a total of 11 (19.0%) were seropositive for WNV (Table 2) , with 7 (12.1%) seropositive for WNV by ELISA, and 10 (17.2%) by HIA.
Of the 506 horses studied, 49 (9.7%) were seropositive for SLEV by epitope-blocking ELISA, compared with 13 (2.6%) that were positive by HIA (Table 3) , with 12/13 HIA-positives a Interpretation for epitope-blocking ELISA: < 30% inhibition (%I) is antibody-negative, and > 30% inhibition is antibody-positive. also being ELISA-positive. The summary of location types, age groups, gender, and origin of SLEV-positive horses by ELISA is shown in Table 3 . Of the 49 seropositive animals, 45 (91.8%) were from urban areas, and 4 (8.2%) were from rural areas.
A representative sample of 18 horse sera (8 WNV and 10 SLEV samples) was tested by PRNT for neutralization antibodies. WNV was confirmed in all 8 samples by PRNT 90 , with antibody titers > 160 ( > 640 in 4/10 samples; titers are expressed as the reciprocal of the serum dilution yielding 90% reduction in the number of plaques), and SLEV was confirmed in 9 of 10 samples, with antibody titers > 40 (using a 1:20 cut-off and/or a greater than fourfold difference in antibody titer between the viruses tested; Table 4 ). Cross-PRNTs were performed on these 18 samples for confirmation. PRNT 80 (titers expressed as the reciprocal of the serum dilution yielding 80% reduction in the number of plaques) were also performed to confirm infection with EEEV and VEEV with antibody titers > 20, but cross-PRNTs were not done as with WNV and SLEV. Six of the 22 EEEV samples tested were positive by PRNT, and none of the four VEEV samples tested had neutralizing antibodies to this virus.
Livestock and wildlife
Of the 906 sera representing livestock, birds, wild mammals, and reptiles, all were negative for antibodies to EEEV, VEEV, and WEEV. Figure 2 illustrates the locations of the rats, other wild mammals, and reptiles sampled. Eight (4.9%) of 163 cattle were seropositive for SLEV in HIAs performed with T-35573 antigen, but were all negative in ELISAs performed with the same antigen. Two animals seropositive for SLEV were aged 1-5 years, and 6 were older than 5 years.
Of 82 goat sera tested, 1 (1.2%) was seropositive for SLEV by HIA, but all were negative by ELISA. All sheep tested for antibodies to SLEV by both methods were negative. All titers determined in cattle and goat sera were 1:20 by HIA. Overall, the seroprevalence rate of SLEV in livestock was 2.0% (9 of 443) by HIA. With the exception of horses, no other livestock species were seropositive for WNV or ILHV by either serological method.
Two (1.4%) of 140 wild bird sera were seropositive for SLEV by ELISA. Of the 98 birds also tested by HIA only 1 (1.0%) was seropositive. One bird, a 20-year old captive turkey vulture, was seropositive by both methods. The ELISA inhibition value was 35.3%, while the HIA titer was 1:40 for this bird. The other positive bird was a fledgling rock pigeon with an ELISA inhibition value of 31.4%.
Three (2.2%) rodents of 139 tested by ELISA were positive for antibodies to SLEV TBH-28 antigen: a juvenile agouti (Dasyprocta leporina) and two rats (Rattus spp.) with inhibition values of 38.0%, 54.9%, and 55.9%, respectively. The ELISApositive agouti was also positive by HIA, with a high specific 
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titer of 1:1320. No wildlife species was seropositive for WNV, ILHV, or BSQV, and no reptile was seropositive for any of the viruses tested.
Discussion
We determined the current seroprevalence rates of four arboviruses in Trinidad that are of public health importance in the Americas. With the exception of WNV, ELISA detected more potential seropositives than HIA for both the flaviviruses and alphaviruses tested. Previous researchers (Fernandez and Vazquez 1990; Shi and Wong 2003) have shown that the blocking ELISA is more sensitive than the HIA, although blocking ELISAs may occasionally show lower sensitivity because there is reliance on only one epitope for antibody binding, and some individuals may not produce antibodies against that specific epitope (Wang et al. 2005) . Nonetheless, the epitope-blocking ELISA has the major advantage of being species-independent for the reagents required. Our findings suggest the presence of all four viruses in horse populations across the island in both urban and rural areas. Importantly, while SLEV-specific antibodies were detected in a wide variety of species (domestic and wildlife), EEEV-, VEEV-, and WNVspecific antibodies were only detected in horses.
In the case of EEEV, the estimated seroprevalence rates among horses of 4.3% by HIA and 5.1% by ELISA were close to the rate of 4.5% determined in a 1954 survey of 22 horses in Trinidad ). However, as vaccination against EEEV is not a requirement in Trinidad and Tobago, we cannot exclude the possibility that some of the foreignbred horses in our study may have been seropositive as a result of vaccination in their country of origin. Serological testing using South American strains (which were unavailable for the current study) could confirm local versus foreign exposure. Nonetheless, our results indicate that horses continue to be exposed to EEEV at low levels in Trinidad, since 5 (1.5%) of the 344 locally-bred animals were seropositive and had never left Trinidad.
Our data also indicate low-level circulation of VEEV, as the estimated seroprevalence rate for antibodies to the virus among locally-bred horses that have never left Trinidad was 0.8%. The serological approach used (TC-83 antigen for HIA and subtype I-specific MAb for ELISA) identifies all subtype I VEEV, but it was not possible to determine the corresponding strains within subtype I. Given the evidence for the exposure of local horses, investigations of clinically-ill horses with encephalitis should consider EEEV and VEEV in the differential, particularly since equine clinical cases were recently reported (OIE 2009) from Central America.
Both VEEV and EEEV have previously been detected serologically in non-equid species in Trinidad, so the failure to detect antibodies in the current study may indicate that the rodents and bird species sampled are not preferred reservoir species for these two viruses. For example, probable VEEV reservoir hosts such as Proechimys spp. Barrera et al. 2002) , Zygodontomys spp., and Orzyomys spp. Deardorff et al. 2009 ), Cathartes aura (Aguirre et al. 1992) , and other birds and small rodent species which were previously reported to be VEEV-seropositive (Scherer et al. 1966; Jonkers et al. 1968b; Aguirre et al. 1992; Estrada-Franco et al. 2004; Navarro et al. 2005) , were not among the species trapped and tested in the current study. Given the short period of time during which the traps were set, it is possible that certain host or reservoir species may have been missed by this trapping system. With regard to EEEV, some avian species that were previously recorded to be EEEV-seropositive in Trinidad (Tikasingh, 1968 (Tikasingh, , 1973 (Tikasingh, , 2004 were negative in the current study. Considering reports that both birds and rodents become viremic after EEEV infection (Arrigo et al. 2010 ), a larger sample of avian and rodent sera, as well as a more focused survey in EEEV-and VEEV-positive locations, may prove useful to gain further insight into the local circulation and maintenance of these viruses.
Our results indicate that 12.1% and 17.2% of locally-bred unvaccinated horses (n = 58) were WNV-seropositive by epitope-blocking ELISA and HIA, respectively. These rates are significantly higher than the 4.0% (8 of 200 unvaccinated horses) observed in a previously unpublished study (referred to in Komar and Clark, 2006) in 2004 in Trinidad. It is also higher than the rate reported for horses in Venezuela (4.5%; Bosch et al. 2007) and Cuba (9.0%; Pupo et al. 2006) , but lower than in Mexico (29.5-62.5%; Blitvich et al. 2003b; Marlenee et al. 2004; Alonso-Padilla et al. 2009), Guatemala (42.3%; Morales-Betoulle et al. 2006) , and Guadeloupe (61.6%; Quirin et al. 2004 ). Komar and associates (Komar et al. 2003) suggested that the differences in seroprevalence among locations in South and Central America may be a consequence of the difference in the length of time the virus has been in circulation. Four of the five geographic locations where WNV antibodies were detected in horses were in northeast of Trinidad. This may represent a developing focus of infection, so mosquito surveillance studies at the locations of the positive horse farms may be warranted.
Among the 8 samples tested by PRNT 90 , antibody titers were > 160, clearly demonstrating WNV infection as opposed to infection with another closely-related flavivirus. Given the high seroprevalence rate for SLEV, WNV-seropositive sera were also tested by PRNT 90 against SLEV to clearly determine the cause of seroprevalence. The majority (62.5%) of sera resulted in an antibody titer of < 20 when tested against SLEV (TBH-28 strain), thereby further confirming WNV as the cause of seroprevalence. The highest SLEV antibody titer observed was 160, which was fourfold less than the corresponding WNV-antibody titer (sample 1S3H), and was therefore considered SLEV-negative. It should be noted that three of the PRNT-seropositive samples were negative by the epitopeblocking ELISA test, and this may simply reflect the differences in the antibody types detected in the two tests. Neutralization antibodies have greater longevity than nonneutralization antibodies (Casals 1973) , and may be more sensitive for older infections. This is also supported by the IgM antibody-negative result for these three samples. Additionally, 3 of the 11 WNV-seropositive horses in this study tested IgM positive, suggesting recent infection. All seropositive horses were asymptomatic but this is not surprising, as a significant proportion of WNV cases present with fever only (Davidson et al. 2005) , so it is easy to understand how some clinical cases might go unnoticed, misdiagnosed, or remain unreported. In addition to the detection of IgM antibodies, there was no apparent increase in seroprevalence with increased exposure age, also suggesting recent WNV activity in Trinidad. Seven of the 11 WNV-seropositive horses were aged 1-5 years, two were aged 6-10 years, one horse was > 10 years old, and the age of one horse could not be determined.
Antibodies to WNV have been detected in various livestock, wild mammal, and reptile species (such as cow, goat, opossum, pig, mouse, raccoon, rat, sheep, white-tailed deer, green iguana, and crocodile), as reviewed by Blitvich (Blitvich, 2008) , but in the current study none of these species were seropositive. This suggests that in Trinidad there is no or very low (and thus undetectable) transmission of WNV in these species. Alternatively, WNV may not yet be well established in Trinidad and perhaps remains focal. Surveys of vertebrates in locations where seropositive horses were detected are needed to confirm the status of WNV in Trinidad.
We detected antibodies to SLEV in horses, livestock, and wildlife. Of the 506 asymptomatic horses, 49 (9.7%) were seropositive by ELISA, while 13 (2.6%) were seropositive by HIA. Nine of the 10 samples tested by PRNT 90 had antibody titers > 40 (using a 1:20 cut-off and/or a greater than fourfold difference in antibody titer compared to the corresponding WNV antibody titer), confirming SLEV infection. There were insufficient sera from wildlife for testing by PRNT, but considering the results from the horse sera, it is likely that the SLEV-seropositives among wildlife are also a result of SLEV infection. However, the possibility of infection with another closely-related flavivirus cannot be excluded. This is because the data suggest the circulation of flaviviruses other than the ones we tested for (i.e., 21 horse sera were flavivirusseropositive but were not SLEV-, WNV-, or ILHV-seropositive). For wild birds, 28 (1.9%) of 1505 Manacus spp. were previously reported as seropositive (Tikasingh et al. 1983) , which is comparable to the 1.4% detected across all species in the present study. There are no previous reports of SLEV antibodies in livestock in Trinidad, so the seropositive findings of 4.9% in cattle and 1.2% in goats are considered the first documentation of the possible presence of this virus in both animal species in the country. However, given the low antibody titers determined, the low seroprevalence rates detected, and the inability to confirm these seropositives with other serological tests, the possibility that these seropositives may represent another closely-related flavivirus cannot be excluded.
The relatively high SLEV seroprevalence rate detected in this study, and the history of SLEV isolation and seroprevalence in Trinidad, is a reflection of the endemicity of this virus in the country. Although a higher number of SLEVseropositives was observed among horses in urban stud farms (n = 45) compared with rural stud farms (n = 4), the seroprevalence rates were similar (0.096 for urban farms and 0.111 for rural farms). Further entomologic investigations are recommended to identify the vectors that are responsible for the transmission of the virus in these urban regions.
Seven (1.4%) of the 506 horse sera tested showed less than fourfold differences in antibody titers among the alphaviruses tested, and were therefore considered to have antibodies to undetermined alphaviruses or old infections. Similarly, crossreactive flavivirus titers were detected in 21 (4.2%) horse sera. It is likely that a wider panel of known alphavirus and flavivirus antigens in the Americas, for example Mayaro virus, Rio Bravo virus, Yellow fever virus, and Rocio virus, may assist in ascertaining their identities.
Our study indicates that SLEV, VEEV, and EEEV continue to circulate at low levels in Trinidad, with SLEV being the most widespread among the species tested, and that WNV circulates among equids in Trinidad. Follow-up studies on vectors and viral isolation at locations where seropositive animals were detected in the current study would be useful to confirm these findings. Although WNV has yet to pose a serious disease threat to the Caribbean and wider Latin America, Komar and colleagues (Komar and Clark, 2006) speculated that the potential for an outbreak exists, and therefore vigilant surveillance must be conducted in mosquitoes and wild birds. It is also recommended that WNV be considered in the differential diagnosis in human patients with fever and flu-like symptoms, and meningitis and encephalitis of unknown causes.
